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Abstract 
Nowadays, Public health concern on obesity and anemia has become very 
important disease in the world. 
Objective: In this study, we aim to examine the relationship between the 
overweight of diabetic patients from the Oujda-Angad region and their 
body iron status. 
Methods: A total of 114 patients aged between 18 and 70 years old. The 
patients were from the regional referral Center of Oujda-Angad. All patients 
had type 2 diabetes. They attended the centre between December the 1st, 
2016 and May the 30th, 2018 and were diagnosed previously for more than  
6 months. The patients were participated in this study after they have 
provided a written consent. Demographic and biochemical data were 
collected. 
Results: The mean ferritin concentration was between 19.14 µg /mL± and 
21.32 µg / mL± and the mean Serum iron level was around 105.05µg/dl. 
Moreover, 34.5% of diabetic patients were overweight according to WHO 
Standars (BMI ≥ 25 kg/m2) while around 31% of were obese (BMI ≥ 30 
kg/m2).  
The correlation coefficient of linear regression was positive for BMI/
Plasma Ferritin and negative for BMI/hemoglobin, and BMI/Serum iron. 
Furthermore, the CRP concentration was less than 6mg/l for 90% of obese 
and overweight patients. 
As conclusion, we can confirm that patients having an iron deficiency are 
not overweight or obese. Furthermore, overweight and obesity could be a 
risk factor of iron deficiency in diabetic patients.
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Introduction 
Many organs and systems, especial ly the 
erythropoiesis, need iron as an essential nutrient 
to function and to grow properly. In fact, the Iron 
Deficiency (ID) and the Iron Deficiency Anemia (IDA) 
are among the most frequent morbid conditions that 
affect the public health in the world.1

Moreover, Anemia prevalence in the world is about 
24.8% according to the World Health Organization 
and at any glomerular filtration rate (GFR) level, 
the Anemia still more common and more severe for 
diabetics than non-diabetic patients.2

By referring to the literature, we reveal that the 
earlier findings regarding the relationship between 
HbA1c and IDA still incoherent. In this context, some 
studies3 affirm that the reduced level of iron have a 
direct link with increased glycation of hemoglobin 
A1C (HbA1c) whereas other authors did not confirm 
this relationship between iron deficiency anemia and 
the HbA1c levels of anemic patients under control4,6 
or that the difference was insignificant as given in.5,7

The study of Wenzel et al., revealed in 1962 the 
relationship between obesity and iron deficiency. 
They affirmed that the mean serum iron concentration 
in obese adolescents was significantly lower than 
in non-obese ones.8 These findings have been 
confirmed by several studies as like Micozzi  
et al.,9 Their work shows that the BMI was inversely 
correlated with serum iron and positively with serum 
transferrin in women. They also showed that the 
transferrin concentration was significantly higher the 
BMI quartiles for both men and women.10

Furthermore, the prevalence of anemia in diabetics 
is twice as high as in non-diabetics.11 In fact, the 
authors in12 confirmed the association between IDA 
and A1 levels and the study13 has also demonstrated 
this relationship by measuring HbA1c values in non-
diabetic patients with iron deficiency (Measurements 
are taken before and after iron treatment)

Finally, the etiology of obese people's hypoferremia 
still unclear and an iron-poor diet could be suggested 
as a factor even if there is no advanced research 
done to establish the link between serum iron and 

dietary iron intake in obese adults.14 Obesity is 
considered as a chronic inflammation-mediated, 
the iron chelation in the reticuloendothelial system 
can result in hypoferremia despite adequate or 
even increased iron stores which plays a role in this 
disorder.15

We aim in this study to find out the correlation 
between iron deficiency and obesity among diabetic 
patients.

Materiels
Study Population 
Our study concerns 114 diabetic patients from 
Oujda-ANGAD regional Reference Center. The 
average age of the patients is 63.2 ± 9.37 years.

The exclusion criteria includes pregnancy and any 
diabetes type other than type 2. More precisely, we 
consider in our study patients having the following 
conditions:

• Type 2 diabetes
• Age between 18 and 85 years.
• Duration of Diabetes > than one year 

Ethics Statement 
The consent was obtained from all participants 
before the start of this study. All data were collected 
and no personal identification was disclosed or 
compromised. 

The protocol for this study was approved by the 
hospital ethic council board and the laboratory 
of Nutrition, Health and Environment, Biology 
department, Ibn Tofail University, Faculty of 
Sciences, Kenitra, Morocco.

Anthropometric Measurements
Height and body weight of diabetics patients were 
measured according to  the recognized standards 
(with light clothing and without shoes). The body 
weight was measured by Mechanical column scale 
SECA 786 to the nearest 0.1 kg. While the Height 
was measured by the SECA 786 mechanical column 
scale to the nearest 0.1 cm .The diagnosis of obesity 
was based on the norms developed by the World 
Health Organization. 
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The BMI was classified to four categories:16

• Underweight: BMI < 18.5 kg/m2;
• Normal weight: 18.5 < BMI < 24.9 kg/m2;
• Overweight: 25.0 <BMI < 29.9 kg/m2;
• Obesity: BMI > 30.0 kg/m2.

Laboratory Measurements
After 12-h of fasting, we conduct a complete blood 
count using a Beckman Coulter LX-20 Auto-analyzer. 
The analyses include the iron, the serum iron and the 
hemoglobin for all patients in order to classify anemic 
patients following to the WHO criteria.17 

In this work, we consider a patient as an anemic if 
his blood hemoglobin is: less than12 g/dL for females 
and less than <13 g/dL for males. Moreover, the 
measurement of serum ferritin is done using the 
ELISA kit (Enzyme-Linked ImmunoSorbent Assay). 
Furthermore, the Turbidimetric immuno-inhibition 
was used to measure the HbA1c levels using the 
AIA 360 Tosoh Automated Immuno Assay Analyser.

Statistical Methods
The statistical analysis of different results was 
obtained using SPSS software (version 20). We 
analyzed data using the following descriptive 
statistics:

• For quantitative variables: mean, standard 
deviation and median values,

• For qualitative values: number and percentage.

In other hand, we tested the frequencies between 
the groups by Chi Square test and independent 
sample t test for qualitative variables. Moreover, we 
used correlations in order to test the linear relations 
between variables.  

The differences were considered: 

• significant when p <0.05, 
• highly significant when p <0.01,
• and very highly significant when p <0.001.

Results
114 diabetic patients were participated in this study. 
The distribution of patients was as follows: 76 women 
(66.66%) and 38 men (33.33%). The mean ferritin 
levels were 13.63 ± 5.9 for males and 12.65 ± 4.3 
for females, respectively and the mean of serum iron 
levels were 46 ± 4.2. Moreover, the median duration 
of BMI for diabetic patients was 27.29 ± 5.59 and the 
duration of diabetes diagnosis ranged from 6 months 
to 41 years with an average of 11 years. 

Table 1:  Repartition by gender of basic demographic and laboratory information 
  
Parameters  Female (%) (n=76) Male (%) (n=38) P (value) Test Used

Weight group Underweight 10.66 7.9 0.72 Chi-Square Test**
 Normal weight 24 21.05  
 Overweight 37.33 31.58  
 Obesity 28 39.47  
Age (Y) 20-39 1.15 0  0.23 Chi-Square Test  
 40-56 18.40 33.33  
 >60 80.45 66.67  
Hemoglobin (g/dl) Mean ± SD* 12.34 ± 2.23 13.28 ± 2.27 0.98 Student’s Test
Anemia(g/dl) Yes 46.55 41.02 0.9 Chi-Square Test
 No 53.45 58.98  
Ferritin level (µg /l) <15 74 59.22 0.54 Chi-Square Test
 >15 26 40.78  
Serum iron level (µg /dl) <60 31.34 34 0.25 
 >60 68.66 66  

*SD: Standard Deviation.
** X2: Chi-Square Test
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Table 1 shows the characteristics of the patients 
which are summarized as follows: 36.84% of women 
are overweight and 39.47% are obese. In contrast, 
the average age in the normal weight group was 
59.67 ± 9.09 years. However, the average age was 
61.79 ± 10.54 years in the obesity group.

In our study, anemia was classified as a hemoglobin 
level lower than 11g/dL in accordance with the (18). 
In this context, the mean Hemoglobin at the time of 
diabetes diagnosis was higher in men than in women. 
(13.28 ± 2.27; 12.34 ± 2.23; P>0.5). Moreover, the 
Ferritin concentrations were higher among men 
than women (18.71 ± 20.02; 15.61 ± 10.63; P>0.5) 
respectively. Finally, no significant relationship was 
observed between sex, ferritin, hemoglobin, age, 
weight and serum iron level.

The results obtained shows that 79,069% of 
the patients are obese, moreover 11,62% of the 
overweight patients suffered from anemia. In fact, 
the prevalence of ID was significantly higher in 
overweight and obese diabetes patients than normal 
weight people. The prevalence of ID in female 
patients was respectively 40%, 45.3% and 2.7% for 
obese, overweight and normal weight cases. 

Furthermore, a significant relationship was found 
between iron deficiency and BMI (p<0.001)). Indeed, 
the mean serum iron level in the normal-weight BMI 
group (158.2±33.38µg/dl) was higher than that ones 
in group with overweight (54.54±35.07µg/dl) and 
the group with obesity (12.65±57.05µg/dl) (Table2). 

Table 2: Hemoglobin and iron status according to age and sex

 

  Under Normal Over Obesity P (value) Tests Used

  Weight weight weight     

     

Age (Year) 20-39 0 0 2.5 0 0.72 Chi-Square Test*

 40-56 42 42.3 12.5 18  

 >60 58 57.69 85 82  

Sex Female 72.72 69.23 72.72 58.33 0.23 Chi-Square Test*

 Male 27.27 30.76 27.27 41.66  

Ferritin (µg /l) % <15 12 2.7 45.3 40 0 Chi-Square Test*

 Mean ± SD* 16.96 ± 1.37 21.81±1.64 29.91± 3.15 31.77±1.39 0 Student’s Test

Hemoglobin  Anemia level 9.30% 0 11.62 79.069 0 Chi-Square Test*

Level (g/dl). Mean ± SD* 11.34 ± 4.01 14.2±2.05 12±2.005 12.93±1.64 0 Student’s Test

Serum iron   % <60  11 24 34 31 0 Chi-Square Test

level (µg /dl) Mean ± SD* 74.20 ± 54.59 158.2±33.38 54.54±35.07 124.65±57.05 0 Student’s Test

CRP (mg/dl) Mean ± SD* 10.36 ± 9.6 8.9±3.9 8.95±6.7 9.14±7.09 0.53 Student’s Test

The data are represented as the percentages unless otherwise specified.

*SD:   Standard Deviation.

** Chi-square test.

In other hand, a negative association was observed 
between plasma ferritin and BMI (r= - 0.84; 
R²= 0.705; p <0.001) as being the case for iron  

(r =- 0.245; R²= 0.06; p<0.01) and Hemoglobin level 
(r= - 0.27; R²= 0.72; p <0.01) respectively.
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Fig.1: Correlation of BMI with iron parameters :(A) Ferritin level, 
(B) Serum Iron level (BMI), (C) Hemoglobin level
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Table 3: Odds ratios (95% confidence intervals) of risks factors for 
association with plasma ferritin or serum iron levels

Variables Plasma ferritin <15 µg/l Serum iron <60 µg/dl
 Total  Total

Female vs. Male (sex) 1.03 (0.78-1.36)  0.84 (0.48-1.36)
Age Group (years)    
40-56vs20-39 1.7(1.2-2.53) 0.8(0.4-1.51)
20-39vs65 1.3(0.89-1.91) 0.8(0.4-1.51)
Weight (Kg)    
Under vs. Normal 0.47 (0.07-0.23) 0.31 (0.08-1.15)
Over vs. Normal 0.04(0.06-0.3) 0.39 (0.18-0.83)
Obese vs. Normal 0.23 (0.25-0.45) 0.7 (0.6-0.83)

Discussion 
The overweight and obesity reach alarming rates. 
Moreover, the prevalence of obesity increases with 
age, from 18% for the age group (40-56 years) to 
82% For older subjects (>60 years). 

In contrast, other similar studies19 have shown that 
obesity increases with age, but this increase is not 
the same for men and women. In fact, it is higher in 
women aged 20 to 30 and it peaks at 50.20

In this study, we showed that Hemoglobin Level (Hb) 
values are normal in obese patients, with a mean 
(12.34dl/l±2.23) and (13.28dl/l±2.27) in the female 
and male groups respectively. Another study was 
done, on the same subjects, by Cepeda- Lopez 
et al.,21 confirms our results. This study also found 
normal Hemoglobin Level (Hb) values in obese 
patients with an average of 13.7dl/l and 13.5dl/l in 
the female and male groups respectively. However, 
no difference according to the gender is observed 
in ferritin values among obese patients. 

In addition, similar studies have shown that women 
suffer the most from iron deficiency. These results 
may be explained by menstrual periods which, in 
some cases, lead to a significant blood loss and 
therefore constitute a risk of anemia. A previous 
study reported that higher ferritin values are 
observed in obese male adolescents due to the 
effect of testosterone.22

Based on Pearson correlation coefficient, the figure 
above (Figure 1) shows a negative significance 

between Body Mass Index and Plasma ferritin, Serum 
iron level and hemoglobin level.  This result remains 
in accordance with the research study guided by 
Lecube et al.,23 Indeed, the authors in 23  showed 
a negative correlation between the Body Mass 
Index and both serum iron level and hemoglobin  
(r= - 0.075, P>0.05) and (r= -1.24, P>0.05) 
respectively. Furthermore, the results presented in 
(Table2) show a very significant relationship between 
the BMI and the ferritin values (P<0.001).

Accordingly, Zhao et al have shown similar results in 
their meta-analysis.24 They have shown iron serum 
and transferrin level are very high in the obese 
persons. However, a positive correlation between the 
Body Mass Index and ferritin is detected by Yanoff 
et al.,25 but the role of iron deficiency in obesity 
remains unclear. 

In general, iron deficiency in obese patients could be 
the result of low iron consumption, a low availability in 
the small intestine, or an increased need for iron due 
to a large volume of blood.26 Further studies affirm 
the relationship between obesity and the C-reactive 
protein (CRP) concentration and the study27 
Shows that the concentration of CRP decreases 
significantly after a significant weight loss. In our 
study, the results obtained show that 66.04% had 
positive CRP concentration with positive correlation 
to the Body Mass Index (BMI). Furthermore, 
obesity is associated with a chronic low grade 
inflammation state. The sequestration of iron through 
an inflammatory mediated mechanism can lead 
to iron deficiency.28 In fact, the authors stated that 
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there was a high correlation between inflammation 
and adiposity that increased dramatically with BMI. 
The prevalence in normal, overweight, and obese 
women are respectively (20.1%, 37.6%, and 68.4%; 
P < 0.001).

Conclusion
We can conclude that the relation between 
overweight and iron deficiency depends mainly on 
the indicator used to establish such relationship. 
Additionally, overweight and obesity could be a risk 
factor of iron deficiency in diabetic patients.

Limitations
It is necessary to show up some limitation: limited 
sample size due to the lack of funding as all 
biochemical analysis were done on our charges.
Another limitation is that the study was carried out 

in the regional referral Center of Oujda-Angad-
Morocco. This may bias the prevalence of diabetes 
in this study compared to the general population.
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